Axonal surface charges: evidence for phosphate structure.
The effect of different extracellular alkaline-earth cations (Ca2+, Mg2+, Sr2+, Ba2+) upon the threshold membrane potential for spike initiation in crayfish axon has been studied by means of intracellular microelectrodes. This was done at the following extracellular concentrations of the divalent uranyl ion (UO2/2+): 1.0 X 10(-6) M, 3.0 X 10(-6) M, and 9.0 X 10(-6) M. At each concentration employed, extensive neutralization of axonal surface charges by UO2/2+ was evidenced by the fact that equal concentrations (50 mM) of alkaline-earth cations did not have the same effect on the threshold potential. The selectivity sequences observed at the different uranyl-ion concentrations were: 1.0 X 10(-6) M UO2/2+, Ca2+ greater than Mg2+ greater than Sr2+ greater than Ba2+; 3.0 X 10(-6) M UO2/2+, Ca2+ greater than Mg2+ greater than Ba2+ larger than or equal to Sr2+; 9.0 X 10(-6) M UO2/2+, Ca2+ approximately Ba2+ greater than Sr2+ greater than Mg2+. These selectivity sequences are in accord with the equilibrium selectivity theory for alkaline-earth cations. At each of the concentrations used, uranyl ion did not have any detectable effect on the actual shape of the action potential itself. It is concluded that many (if not most) of the surface acidic groups in the region of the sodium gates represent phosphate groups of membrane phospholipids, but that the m gates themselves are probably protein-aceous in structure.